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,QWURGXFWLRQ
7KHUHOLDELOLW\RIODQGVOLGHVXVFHSWLELOLW\PDSVGHSHQGVPRVWO\RQWKHDPRXQWDQGTXDOLW\RIDYDLODEOHGDWDZRUNLQJ
VFDOH WKH VHOHFWLRQRI WKH DSSURSULDWHPHWKRGRORJ\RI DQDO\VLV DQGPRGHOLQJ $\DOHZ DQG<DPDJLVKL  ,Q
DGGLWLRQGHWHUPLQDWLRQRISRWHQWLDO ODQGVOLGHDUHDVUHTXLUHVDFRPELQDWLRQRIYDULRXVOD\HUVGHVFULELQJIHDWXUHVRI
WKH ODQG VXUIDFH&DOFXODWLRQRI WKH IDFWRUZHLJKWV KDV D FUXFLDO UROH LQ WKH SURGXFWLRQRI ODQGVOLGH VXVFHSWLELOLW\
PDSV ZKHQ DSSO\LQJ WKH ZHLJKWHG RYHUOD\ WHFKQLTXHV HJ WKH $QDO\WLFDO +LHUDUFK\ 3URFHVV $+3 :HLJKWHG
/LQHDU &RPELQDWLRQ :/& DQG 2UGHUHG:HLJKWHG $YHUDJH 2:$ ,Q WKHVH WHFKQLTXHV GHFLVLRQ IDFWRUV DUH
HLWKHU DUELWUDULO\ FKRVHQ E\ WKH GHFLVLRQ PDNHUV RU DOWHUQDWLYHO\ FKRLFH RI GHFLVLRQ IDFWRUV LV EDVHG RQ H[SHUW
NQRZOHGJHDERXW WKHP LQ UHODWLRQ WR WKHGHFLVLRQRXWFRPHV 3UL\DDQG9HQNDWHVK ,Q VXFKDFDVHYDU\LQJ
GHJUHHV RI VXFFHVV KDYH EHHQ UHSRUWHG E\ FRQVLGHULQJ GLIIHUHQW H[SHUW YLHZV LQ SDUDPHWHU ZHLJKWLQJ $OVR WKH
UHODWLYHLPSRUWDQFHRIGLIIHUHQWIDFWRUVRUIHDWXUHVLVDOVRGHWHUPLQHGXVLQJIHDWXUHVHOHFWLRQRUZHLJKWLQJDOJRULWKP
/LXDQG6HWLRQ4LHWDO.DY]RJOXHWDO
7KHPDLQREMHFWLYHRIWKLVVWXG\LVWRVHHNRSWLPXPZHLJKWVRIODQGVOLGHFDXVDWLYHIDFWRUVE\DSSO\LQJILOWHUEDVHG
IHDWXUH VHOHFWLRQ RU ZHLJKWLQJ DOJRULWKPV LH )LVKHU DQG &KLVTXDUH DOJRULWKPV ,Q DGGLWLRQ NQRZOHGJHEDVHG
$+3 PHWKRG ZDV DOVR HYDOXDWHG WR FRPSDUH WKH VXFFHVV RI WKH IHDWXUH VHOHFWLRQ DOJRULWKPV )DFWRUZHLJKWHG
RYHUOD\PHWKRGZKLFKKDVEHHQZLGHO\XVHGLQWKHOLWHUDWXUH4XDQDQG/HH<DQJHWDOZDVDSSOLHG
WRJHQHUDWHODQGVOLGHVXVFHSWLELOLW\PDSVIURPWKHIDFWRUZHLJKWVREWDLQHGE\)LVKHU&KLVTXDUHDQG$+3,QRUGHU
WR GHYHORS D VWUDWHJ\ RI IHDWXUH ZHLJKWLQJ IRU WKH DVVHVVPHQW RI ODQGVOLGH VXVFHSWLELOLW\ HOHYHQ WKHPDWLF PDSV
DVVRFLDWHGZLWK VORSH DVSHFW OLWKRORJ\ ODQG XVHFRYHU1'9, GUDLQDJH GHQVLW\ HOHYDWLRQ SODQ FXUYDWXUH VORSH
OHQJWKVHGLPHQWWUDQVSRUWLQGH[63,DQGWRSRJUDSKLFDOZHWQHVVLQGH[7:,ZHUHXWLOL]HG
6WXG\DUHDDQGGDWD
7KH$UDNOL GLVWULFW ORFDWHG LQ WKH%ODFN6HD UHJLRQRI7UDE]RQ3URYLQFH7XUNH\ZDV VHOHFWHG DV D VWXG\ DUHD ,W
FRYHUVDQDSSUR[LPDWHDUHDRINPEHWZHHQƍDQGƍZHVW±HDVWORQJLWXGHVDQGƍDQGƍ
QRUWK±VRXWK ODWLWXGHV 7KH DUHD LV ERXQGHG WR WKH QRUWK E\ WKH %ODFN 6HD DQG H[WHQGHG WR WKH VRXWK XS WR WKH
*XPXVKDQHSURYLQFH$ODQGVOLGHLQYHQWRU\PDSRIWKHDUHDLQFOXGLQJWRWDORIODQGVOLGHSRO\JRQVDQGQRQ
ODQGVOLGH SRO\JRQV DUHDVZHUH FRQVLGHUHG IRU SURGXFLQJ ODQGVOLGH VXVFHSWLELOLW\PDSSLQJ ,W VKRXOG EH QRWHG WKDW
HOHYHQFDXVDWLYH IDFWRUV VXFKDV VORSH DVSHFW OLWKRORJ\ ODQGXVHFRYHU1'9,GUDLQDJHGHQVLW\ HOHYDWLRQSODQ
FXUYDWXUH VORSH OHQJWK VHGLPHQW WUDQVSRUW LQGH[ 63, DQG WRSRJUDSKLFDO ZHWQHVV LQGH[ 7:, ZHUH XVHG WR
GHWHUPLQHIHDWXUHZHLJKWLQJSURFHVVLQWKLVVWXG\
0HWKRGRORJ\
7KHVWXG\SURSRVHV WKHXVDJHRI WKHIHDWXUHVHOHFWLRQDOJRULWKPWRGHWHUPLQH WKHZHLJKWRI ODQGVOLGHFRQWULEXWLQJ
IDFWRUVIRUSURGXFLQJODQGVOLGHVXVFHSWLELOLW\PDSSLQJ$OVRODQGVOLGHFRQGLWLRQLQJIDFWRUZHLJKWVZHUHFRPSXWHG
E\WKHDQDO\WLFKLHUDUFK\SURFHVV$+3EDVHGRQH[SHUWMXGJPHQWYDOXHV,QWKHILUVWVWHSRIWKHSURFHVVODQGVOLGH
LQYHQWRU\PDSZDVSURGXFHGDQGWKHDOOFDXVDWLYHIDFWRUVZHUHGHWHUPLQHG,QWKHVHFRQGVWHSWKHODQGVOLGHUHODWHG
SDUDPHWHUV FRQVLGHUHG LQ WKLV VWXG\ZHUH VWDFNHG WRFRPSRVHDPXOWLOD\HU LPDJH ,Q WKH WKLUG VWHS H[SHUWEDVHG
$+3 PHWKRG DQG IHDWXUH VHOHFWLRQ EDVHG &KLVTXDUH DQG )LVKHU DOJRULWKPV ZHUH XVHG WR GHWHUPLQH WKH IDFWRU
ZHLJKWV ,Q WKHQH[W VWHSRI WKH VWXG\ WKH IDFWRUZHLJKWHGRYHUOD\ LV XVHG WRREWDLQ ODQGVOLGH VXVFHSWLELOLW\PDS
)LQDOO\WKHDFFXUDF\VWDWLVWLFVLHRYHUDOODFFXUDF\DQGVXFFHVVUDWHFXUYHZHUHFDOFXODWHGXVLQJWKHWHVWGDWDVHWV
WRDQDO\]HWKHUHVXOWVSURGXFHGE\IDFWRUZHLJKWHGRYHUOD\PHWKRG
3.1. Analytic hierarchy process 
7KH $QDO\WLF +LHUDUFK\ 3URFHVV $+3 LQWURGXFHG E\ 6DDW\  LV D ZHOONQRZQ VHPLTXDOLWDWLYH PHWKRG
ZKLFKLQYROYHVDPDWUL[EDVHGSDLUZLVHFRPSDULVRQRIWKHFRQWULEXWLRQRIGLIIHUHQWIDFWRUVIRUODQGVOLGLQJ,QWKLV
PHWKRGGHFLVLRQPDNHUVFDQGLYLGHDFRPSOH[SUREOHPLQWRDQXPEHURI OHYHOVDQGIDFWRUVDQGPDNH WKHVLPSOH
FRPSDULVRQDQGFDOFXODWLRQDPRQJYDULRXVIDFWRUV<DQJHWDO,QWKLVUHVSHFW$+3LVXVHGWRGHWHUPLQHWKH
ZHLJKWVRIHDFKFULWHULRQDQGDQDO\]HWKHUHODWLYHLPSRUWDQFHRIWKHVHFULWHULD.DY]RJOXHWDO7KHSURFHVVRI
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DSSO\LQJWKH$+3PHWKRGLQFOXGHVVHYHUDOVWHSV7KHILUVWVWHSRIWKH$+3SURFHGXUHLVWRGHFRPSRVHWKHGHFLVLRQ
SUREOHPLQWRDKLHUDUFK\WKDWFRQVLVWVRIWKHPRVWLPSRUWDQWHOHPHQWVRIWKHGHFLVLRQSUREOHP,QWKHVHFRQGVWHS
WKH LQSXWGDWD DUH FROOHFWHGE\SDLUZLVH FRPSDULVRQRIGHFLVLRQ HOHPHQWVZKLFK LV WKH EDVLFPHDVXUHPHQWPRGH
HPSOR\HGLQWKH$+3SURFHGXUH0DOF]HZVNL

3.2. Chi-square algorithm 
&KLVTXDUH WHVWLQJ LV D ZHOONQRZQ GLVFUHWH GDWD K\SRWKHVLV WHVWLQJ PHWKRG IURP VWDWLVWLFV ZKLFK HYDOXDWHV WKH
FRUUHODWLRQ EHWZHHQ WZR YDULDEOHV DQG GHWHUPLQHV ZKHWKHU WKH\ DUH LQGHSHQGHQW RU FRUUHODWHG 6QHGHFRU DQG
&RFKUDQ&KLVTXDUHLVXVHGDVDWHVWRILQGHSHQGHQFHWRDVVHVVZKHWKHUWKHFODVVODEHOLVLQGHSHQGHQWRID
SDUWLFXODUIHDWXUHLQIHDWXUHVHOHFWLRQDQGIHDWXUHZHLJKWLQJ

3.3. Fisher algorithm 
)LVKHUVFRUH'XGDDQG6WURNVRFDOOHGDV)VFRUHLVDVXSHUYLVHGIHDWXUHZHLJKWLQJDOJRULWKPE\HYDOXDWLQJ
WKHGLVFULPLQDWLRQRIWZRVHWVRIUHDOQXPEHUV'LQJ=KDRDQG/LX7KHNH\LGHDRI)LVKHUVFRUHLVWR
ILQGDVXEVHWRI IHDWXUHV VXFK WKDW LQ WKHGDWDVSDFHVSDQQHGE\ WKHVHOHFWHG IHDWXUHV WKHGLVWDQFHVEHWZHHQGDWD
SRLQWVLQGLIIHUHQWFODVVHVDUHDVODUJHDVSRVVLEOHZKLOHWKHGLVWDQFHVEHWZHHQGDWDSRLQWVLQWKHVDPHFODVVDUHDV
VPDOODVSRVVLEOH*XHWDO

3.4. The weighted overlay 
,QWKLVVWXG\WKH$+3&KLVTXDUHDQG)LVKHUPHWKRGVZHUHXVHGWRGHWHUPLQHWKHIDFWRUZHLJKWVZKLFKLQGLFDWHWKH
LPSRUWDQFHGHJUHHRIFRQGLWLRQLQJIDFWRUVWRODQGVOLGHRFFXUUHQFH$IWHUHYDOXDWLRQRIWKHIDFWRUZHLJKWVZLWKUHJDUG
WRHOHYHQIDFWRUV WKHPHWKRGRI IDFWRUZHLJKWHGRYHUOD\ZDVXVHG WRREWDLQ WKH ODQGVOLGHVXVFHSWLELOLW\PDS7KH
ZHLJKWHG RYHUOD\ PHWKRG SURYLGHV WKH DELOLW\ WR ZHLJKW DQG FRPELQH PXOWLSOH IDFWRUV WR FUHDWH DQ LQWHJUDWHG
WKHPDWLF PDS $OO FDXVDWLYH IDFWRUV ZHUH RYHUODLG XVLQJ IDFWRU ZHLJKWV WR REWDLQ ODQGVOLGH VXVFHSWLELOLW\ LQGH[
ZKLFKZDVDFFRPSOLVKHGXVLQJWKHRYHUOD\WRROLQ$UF*,6
5HVXOWVDQGGLVFXVVLRQ
&DOFXODWLRQRIWKHIDFWRUZHLJKWVKDVDFUXFLDOUROHLQWKHSURGXFWLRQRIODQGVOLGHVXVFHSWLELOLW\PDSVZKHQDSSO\LQJ
WKHIDFWRUZHLJKWLQJDSSURDFK,Q WKLVVWXG\ WKHTXDOLW\RIIDFWRUVDQGWKHLUHIIHFWVRQWKHSURGXFWLRQRI ODQGVOLGH
VXVFHSWLELOLW\ PDSV ZHUH DVVHVVHG XVLQJ &KLVTXDUH DQG )LVKHU ZHLJKWLQJ PHWKRGV 7R DSSO\ IHDWXUH ZHLJKWLQJ
PHWKRGV WUDLQLQJ DQG WHVW GDWD VHWV LQFOXGLQJ ODQGVOLGH DQG QRQODQGVOLGH ]RQHV ZHUH FUHDWHG XVLQJ D ODQGVOLGH
LQYHQWRU\PDS
   7DEOH)DFWRUZHLJKWUHVXOWVREWDLQHGIURP&KLVTXDUHDQG)LVKHUDOJRULWKPV
)DFWRU )LVKHU &KL6TXDUH $+3
$VSHFW   
'UDLQDJHGHQVLW\   
(OHYDWLRQ   
/8/&   
/LWKRORJ\   
1'9,   
3ODQFXUYDWXUH   
6ORSH   
6ORSH/HQJWK   
63,   
7:,   
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7UDLQLQJ DQG WHVWLQJ GDWD VHWVZHUH FUHDWHGZLWK HTXDO QXPEHUV RI VDPSOHV IRU ODQGVOLGH DQG QRQODQGVOLGH FODVV
XVLQJ UDQGRP SL[HO VHOHFWLRQ PHWKRG $V VXJJHVWHG LQ PDQ\ DUWLFOHV HJ /HH  -HEXU HW DO  WKH
ODQGVOLGHLQYHQWRU\PDSZDVUDQGRPO\VSOLWLQWRUDWLRIRUWUDLQLQJDQGWHVWLQJGDWDVHWV
$V D UHVXOW WKH ODQGVOLGH LQYHQWRU\PDSZDV GLYLGHG LQWR WUDLQLQJ VHW  ODQGVOLGH RFFXUUHG DQG  QRQ
ODQGVOLGHSL[HOVDQGWHVWLQJVHWODQGVOLGHRFFXUUHGDQGQRQODQGVOLGHSL[HOVE\UDQGRPVDPSOLQJZKLFK
DFFRXQWVIRUDQGRIHQWLUHODQGVOLGHLQYHQWRU\,QRUGHUWRFDOFXODWHWKHIDFWRUZHLJKWVIRUHDFKSDUDPHWHU
&KLVTXDUH DQG)LVKHU DOJRULWKPZHUHXVHG DQG FDOFXODWHGZHLJKWV DUH OLVWHG LQ7DEOH:KHQ WKH)LVKHU UHVXOWV
ZHUH DQDO\]HG LWZDVREVHUYHG WKDW WKHKLJKHVWZHLJKWZDV DVVLJQHG WR WKH OLWKRORJ\PDS$VSHFW VORSH1'9,
/8/&DQG7:,ZHUH DOVR IRXQGDV HIIHFWLYH IDFWRUV&RQVLGHULQJ WKH)LVKHUZHLJKWLQJ UHVXOWVGUDLQDJHGHQVLW\
HOHYDWLRQ63,SODQFXUYDWXUHDQG VORSH OHQJWKZHUH LGHQWLILHGDV OHVV LPSRUWDQW IDFWRUV2Q WKHRWKHUKDQG&KL
VTXDUHUHVXOWVVKRZHGWKDWOLWKRORJ\ZDVLGHQWLILHGPRUHLPSRUWDQWIDFWRUVORSHDQGDVSHFWZHUHDPRQJHIIHFWLYH
IDFWRUV $PRQJ WKH RWKHU IDFWRUV HOHYDWLRQ 1'9, 7:, /8/& GUDLQDJH GHQVLW\ VORSH OHQJWK 63, DQG SODQ
FXUYDWXUHZHUHGHWHFWHGDVOHVVHIIHFWLYHIDFWRUV
2QWKHRWKHUKDQGSHUIRUPDQFHVRIWKH&KLVTXDUHDQG)LVKHUDOJRULWKPVZHUHFRPSDUHGZLWKWKHSHUIRUPDQFHRI
$+3PHWKRG WKDWZDVUHJDUGHGDVEHQFKPDUNPHWKRG LQ WKLVVWXG\6R$+3LVXVHG WRGHWHUPLQH WKHZHLJKWVRI
HDFK FULWHULRQ DQG DQDO\]H WKH UHODWLYH LPSRUWDQFH RI WKHVH FULWHULD $IWHU WKH $+3 DQG LWV XVH RI SDLUZLVH
FRPSDULVRQZHUHSHUIRUPHGZHLJKWVRI WKHIDFWRUVZHUHFDOFXODWHG7DEOH,WZDVVHHQ WKDW WKHKLJKHVWZHLJKW
ZDVDVVLJQHGWRWKHOLWKRORJ\PDS6ORSH/8/&7:,DVSHFWDQG1'9,IDFWRUVZHUHDOVRIRXQGHIIHFWLYH2WKHUV
IDFWRUVQDPHO\VORSHOHQJWKGUDLQDJHGHQVLW\SODQFXUYDWXUH63,DQGHOHYDWLRQZHUHLGHQWLILHGDV OHVV LPSRUWDQW
IDFWRUV

D E F
)LJXUH/DQGVOLGHVXVFHSWLELOLW\PDSSURGXFHGE\IDFWRUZHLJKWHGDOJRULWKPGHWHUPLQHGE\D)LVKHUE&KLVTXDUHDQGF$+3PHWKRGV

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$OO ODQGVOLGH VXVFHSWLELOLW\ PDSV SURGXFHG E\ IDFWRUZHLJKWHG RYHUOD\ PHWKRG ZHUH UHFODVVLILHG LQWR ILYH
VXVFHSWLELOLW\FODVVHVDVYHU\ORZORZPRGHUDWHKLJKDQGYHU\KLJKXVLQJQDWXUDOEUHDNFODVVLILFDWLRQ,QRUGHUWR
GHWHUPLQHWKHVWDWLVWLFDOUHOLDELOLW\RIWKHUHVXOWVRYHUDOODFFXUDF\DQGVXFFHVVUDWHFXUYHYDOXHVZHUHDQDO\]HG
7KHRYHUDOODFFXUDF\YDOXHVZHUHFDOFXODWHGDVDQGIRU$+3&KLVTXDUHDQG)LVKHUPHWKRGV
UHVSHFWLYHO\ ,W FDQEH VHHQ WKDW WKHKLJKHVW RYHUDOO DFFXUDF\ UHVXOWZDVSURGXFHGE\ WKH)LVKHU DOJRULWKP ,Q WKH
LQWHUSUHWDWLRQRIVXFFHVVUDWHFXUYHVDQGRIWKHWRWDOVWXG\DUHDZHUHFRQVLGHUHG)RURIWKHVWXG\DUHD
FRXOGH[SODLQDERXWRIREVHUYHGODQGVOLGHVIRU)LVKHUIRU&KLVTXDUHDQGIRU$+3$OVRLWZDV
IRXQG WKDW RI WKH VWXG\ DUHD KDYLQJ D KLJKHU VXVFHSWLELOLW\ ]RQH LQFOXGHG DSSUR[LPDWHO\ RI REVHUYHG
ODQGVOLGHVIRU)LVKHUIRU&KLVTXDUHDQGIRU$+3
:KHQ WKH SHUIRUPDQFHV RI DSSURDFKHVZHUH FRPSDUHGZLWK HDFK RWKHU RYHUDOO DFFXUDF\ DQG VXFFHVV UDWH FXUYH
VKRZHG VLPLODU UHVXOWV DQG )LVKHU DQG &KLVTXDUH DOJRULWKP HPSOR\HG LQ WKLV ZRUN VKRZHG KLJK DFFXUDF\ LQ
SUHGLFWLQJWKHODQGVOLGHVXVFHSWLELOLW\RIWKHVWXG\DUHD/DQGVOLGHVXVFHSWLELOLW\PDSVSURGXFHGE\IDFWRUZHLJKWHG
DOJRULWKPV RI &KLVTXDUH )LVKHU DQG $+3 ZHUH UHFODVVLILHG LQWR ILYH VXVFHSWLELOLW\ FODVVHV DV YHU\ ORZ ORZ
PRGHUDWHKLJKDQGYHU\KLJK)LJ
&RQFOXVLRQV
,Q WKLV VWXG\ HIIHFWLYHQHVV RI WKH IHDWXUH ZHLJKWLQJ DOJRULWKP QDPHO\ )LVKHU DQG &KLVTXDUH PHWKRGV ZHUH
DVVHVVHG LQ WKH GHWHUPLQDWLRQ RI ODQGVOLGH VXVFHSWLELOLW\ PDS RI $UDNOL 'LVWULFW RI 7UDE]RQ SURYLQFH LQ 7XUNH\
3HUIRUPDQFHV RI WKHPHWKRGVZHUH FRPSDUHGZLWK WKDW RIZLGHO\ XVHG H[SHUW EDVHG$+3PRGHO 6ORSH DVSHFW
OLWKRORJ\ ODQG XVHFRYHU 1'9, GUDLQDJH GHQVLW\ HOHYDWLRQ SODQ FXUYDWXUH VORSH OHQJWK 63, DQG 7:, ZHUH
FRQVLGHUHGDVPDMRUIDFWRUVWRSURGXFHODQGVOLGHVXVFHSWLELOLW\PDSRIWKHVWXG\DUHD
,Q WKH DQDO\VLV RI )LVKHU DQG &KLVTXDUH DOJRULWKPV OLWKRORJ\ DVSHFW DQG VORSH IDFWRUV ZHUH WKHPRVW HIIHFWLYH
IDFWRUVOHDGLQJWRODQGVOLGHRFFXUUHQFHLQWKHVWXG\DUHD2QWKHRWKHUKDQGIRU)LVKHUDOJRULWKPVORSHOHQJWKSODQ
FXUYDWXUHDQG63,ZHUHIRXQGOHVV LPSRUWDQWIDFWRUDQGSODQFXUYDWXUHZDVGHWHFWHGDV OHVVHIIHFWLYHIDFWRU LQ WKH
DQDO\VLVRI&KLVTXDUH ,Q$+3PHWKRG OLWKRORJ\DQG VORSHZHUHFKRVHQDV HIIHFWLYH IDFWRUE\H[SHUW FKRLFHV LQ
SDLUZLVHFRPSDULVRQSURFHVV:KHQWKHUHVXOWVRIPHWKRGVZHUHDQDO\]HG IHDWXUHZHLJKWLQJDOJRULWKPLH)LVKHU
DQG &KLVTXDUH FOHDUO\ RXWSHUIRUPHG WKH $+3 PHWKRG /DQGVOLGH VXVFHSWLELOLW\ PDS EDVHG RQ )LVKHU IHDWXUH
ZHLJKWLQJDOJRULWKPSURGXFHG WKHKLJKHVWSUHGLFWLRQDFFXUDFLHVZKHQFRPSDUHG WR&KLVTXDUHDQG$+3PHWKRGV
7RVXPXS)LVKHUDQG&KLVTXDUHIHDWXUHZHLJKWLQJDSSURDFKHVSURGXFLQJVLPLODU UHVXOWVZHUHIRXQGHIIHFWLYH LQ
WKHPRGHOLQJRIODQGVOLGHVXVFHSWLELOLW\PDSSLQJIRUWKLVVWXG\DUHD
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